INTRODUCTION
In the past, not much attention was spent to the exposure of humans to the radioactive gas 220 Rn (thoron) and its decay products in the indoor environment. It was considered as of minor relevance in comparison to the exposure to radon ( 222 Rn) and its progeny. Recent measurements in traditional homes on the Central-Chinese loess plateau and elsewhere have shown, however, that in homes built from traditional materials such as mud bricks and rammed earth, thoron and its progeny can significantly contribute to the radiation exposure of the dwellers (1, 2) . Still many people, mostly at the countryside, inhabit such buildings. Systematic investigations on the conditions of increased exposures in these buildings are scarce because of the remote location of the traditional homes. By passive techniques bulk information on thoron is meanwhile compiled for many areas (1, 3, 4) , but the exposure by the dose relevant decay products is investigated poorly. Mainly in field campaigns during short periods both thoron and its decay products were measured. Systematic studies on parameters potentially determining their concentrations are lacking.
However, multi-parameter measurements over adequate long periods are necessary for a controlled and comprehensive experimental characterisation. An experimental house which considers the special features of traditional buildings (as clay plaster) can provide the experimental means for such detailed investigations. In this manuscript, the characteristic properties of such an experimental house are presented. The implemented instrumentation for the measurement of thoron and its decay products is shown, as well as the instrumentation for determination of the relevant parameters.
CHARACTERISATION OF THE EXPERIMENTAL HOUSE
The experimental house was built as replica of a single room of an existing traditional house, which makes possible to verify the parameterisation under real conditions. However, the size of the room was reduced in order to fit into a laboratory.
The original traditional clay house
The original of the model room is the living room of a residential quadrangle of a farmer on the CentralChinese loess plateau. Here the loess is about 100-200 m thick and is extensively cultivated with wheat and maize, a little cotton and tobacco (5) . Average temperatures are 258C in the coldest and 238C in the warmest month. The air pressure is about 860 hPa. The quadrangle is situated in a sparsely populated village about 10 km north of the city of Jingchuan, Gansu province, at about 1200 m a.s.l. Its several tracts are grouped around a central yard. The south wing consists of a living room in the middle, adjoined at one side by a kitchen, at the other side by a storage room. The doors and windows face only the yard (Figure 1 ). The walls of the building are constructed from clay adobes of local production and are coated with clay plaster mixed with straw. The interior walls are partly covered by thin paper. There is one wooden door in the centre of the wall of each room to the yard, left and right of the door is one glass window each, all of them can be opened. The ceiling is built from clay in the shape of a barrel vault, the floor is made of rammed clay. The house belongs to the aboveground cave dwelling type as it has been defined by Wang et al. (6) . . The air exchange can be adjusted to rates between 0.6 and 1.6 h 21 by opening or closing the windows or the door. The aerosol concentration without sources in the room varied from 40 to 130 particles cm 23 ( particle diameter .300 nm) and increased to 10 4 particles cm 23 during smoking. The potential alpha-energy concentration of the thoron progeny was measured during a 7 days period to be in the range of 1 mJ m 23 in these mixed conditions. Tschiersch et al. (2) estimated from the short-period measurements an annual effective dose due to thoron and its progeny of 6.6 mSv for the dwellers in the case of 14 h regular indoor habitation.
The Helmholtz Zentrum München thoron experimental house
For detailed studies of indoor thoron and its decay products, a replica of the traditional house described above was set up at the scale of 1:2.2 in the premises of Helmholtz Zentrum Mü nchen (HMGU). The geometric data are given in Figure 2 and Table 1 .
The experimental house is built from commercial mudbricks (Claytech 07.002, Germany) with the density of 1500 kg m 23 . These bricks are used for the walls, the floor and the barrel-shaped ceiling. For carrying the outbound forces of the barrel vault acting on the side walls, wooden beams at the side walls are connected and fixed by two stainless steel rods inside the transverse walls.
The outer side of the walls is covered with a clay plaster, which has also been industrially produced (Claytech Grundputz 05.001, 05.002, 10.010, Germany) with clay, sand and straw (approximately 2 %). For the inner side, in addition, the clay plaster is homogeneously mixed with granite powder of grain size of ,0.1 mm to a mass concentration of 3 %. This natural additive increases the 232 Th concentration of the plaster without any change in the constructive properties of the material.
The granite used for this mixture is from a quarry near the village of Thanstein, Bavaria, Germany, an area known for a thorium rich granite (7) . The specific radionuclide content is given in Table 2 . The inner plaster has been applied in two layers with a thickness of 1.5 cm each and a third layer with a thickness of 1.2 cm; thus, thoron is exhaled from 4.2 cm thick material. The brick floor is covered with the same plaster. The surface of the thoronexhaling area is 21 m 2 and the volume of the room amounts to 7.1 m 3 . The inner plaster has a density of 1800 kg m 23 and a porosity of 25 %. The door and two windows are placed at the longer side wall. A chipboard as the door leaf is attached to the wooden door frame by hinges. The windows can be closed with chipboards as well. The door and window frames can be sealed with rubber foam gasket to minimise air exchange. Figure 3 shows the experimental house in operation.
The specific activity of the most relevant radioactive nuclides in the clay plaster, the granite powder and the applied plaster can be seen in Table 2 . For the determination of the diffusion length of thoron in the plaster, the exhalation rate was measured at two samples from which a few millimetres of mud were removed between each measurement. The exhalation rate remained constant until the mud was less than 2 cm thick (8) . Therefore, the thickness of the plaster layer of the experimental house is sufficient for thoron exhalation.
The specific activity of assuming no air exchange and deposition. The thoron concentration is decreasing exponentially from the wall towards the centre of the room (Figure 4) , similar as in the original house.
At an air exchange rate of 0.4 h 21 , the potential alpha-energy concentration of the decay products is about 1.5 mJ m 23 . The spatial distribution is homogeneous within a 10 % range even at very low air mixing conditions. Characteristic data at an air exchange rate of 0.4 h 21 are given in Table 3 . The ambient gamma dose rate inside the experimental room is 0.13 mSv h 21 (equivalent to 1.1 mSv a 21 for permanent exposure) whereas it is 0.09 mSv h 21 in the surrounding environment. ) with two large windows, air conditioner unit, heating and water supply for air humidifier. These instillations give the opportunity to operate the experimental house under various stable climatic conditions. Until now, measurements were performed at ambient pressure, temperature between 5 and 308C and humidity between 20 and 60 %. The air exchange rate of the laboratory room is adjusted usually to 4 h 21 to discharge quickly the thoron decay products released from the experimental room into the outdoor atmosphere.
Instrumentation of the experimental house
The experimental house is equipped with several instruments for the measurement of thoron and its decay products (attached and unattached). Additionally indoor parameters as aerosol concentration and size, temperature, air humidity and humidity of the plaster are monitored. Deposition to the walls is measured and the air exchange rate is determined. A list of the typical instrumentation is given in Table 4 .
For the use of the instruments some permanent installations are available. The rear wall is pierced by six plastic tubes with an inner diameter of 6 mm, through which air samples can be taken by instruments placed outside the experimental house. By this means simultaneously indoor air can be sampled at adjustable inner wall distances. Several 3 cm deep and 8 mm wide holes have been drilled into the inner plaster of the walls and the floor, into which steel pipes have been inserted and sealed against the room air. Wall gas samples can be taken through these pipes. Each transverse wall features a sealable steel pipe with an edge length of 62 mm. Power supply and data connection to measurement devices inside the room can be run through these pipes.
The aerosol concentration inside the experimental house can be adjusted by several means. At each transverse wall a cylindrical plastic pipe with an inner diameter of 46 mm is connected, through which air can be exchanged at a flow rate of up to 130 m 3 h 21 (air exchange rate of 18 h
21
) in an open or closed circuit (Figure 3) . A HEPA filter is inserted in this loop to remove aerosol particles from the indoor air. To maintain a low aerosol concentration without removing thoron decay products from indoor air of the experimental house, the laboratory air can be cleaned permanently by filtration after the stop of filtration of the indoor air. For higher aerosol concentrations an aerosol generator can be connected. Until now candle light aerosol known for its small particle size is injected in the experimental house for that purpose.
A wide range of indoor atmospheric conditions were examined meanwhile in the experimental house. The concentration range of thoron, thoron decay products, aerosols, air pressure, temperature and humidity is given in Table 5 . During the experiments, there was no difference in air pressure, temperature and humidity between the experimental house and the laboratory room where it is situated in.
CONCLUSION
The HMGU thoron experimental house proved in several investigations its usefulness as a tool for indoor thoron exposure assessment. Variable but stable indoor conditions could be provided to test for indoor thoron and its decay products. For instance, an intensive investigation was performed to formulate an indoor thoron model and to determine the relevant transfer parameters (8) .
Validating the model with measurements in the original traditional house showed an excellent agreement. Mitigation studies for thoron progeny generated stimulating results (9) . Liquid scintillation and thermoluminescence techniques could successfully be applied to thoron progeny measurements in the experimental house (10) .
